ABSTRACT Objectives: To determine if chronic pulmonary diseases adversely impact selected outcomes in hospitalised patients who have various allergic conditions including anaphylaxis.
INTRODUCTION
Anaphylaxis is a serious allergic reaction that is rapid in onset and potentially fatal. 1 It is usually triggered through an IgE-dependent immunological mechanism by exposure to a food, medication, stinging insect venom, natural rubber latex or other allergen to which the patient is sensitised. 1 2 Diagnosis of an anaphylactic episode involves validated and defined clinical criteria 1 3 4 and is based on a sudden onset of symptoms, typically in two or more body systems, within minutes to hours after exposure to a trigger. 1 There is no rapid laboratory test to confirm the diagnosis at the time of presentation. 2 5 The symptoms and signs of anaphylaxis are underrecognised by patients and/or caregivers, and are underdiagnosed by healthcare professionals. 6 The lifetime prevalence of anaphylaxis has been estimated to be 0.05-2%.
Some patients are potentially at increased risk of severe or fatal anaphylaxis because of age (eg, the elderly), 8 or concomitant diseases such as mastocytosis/clonal mast cell disorders [9] [10] [11] [12] [13] [14] and asthma. [15] [16] [17] [18] [19] [20] [21] [22] [23] They might also be at increased risk if they are concurrently taking medications such as a β-adrenergic blocker, an ACE inhibitor or indeed any antihypertensive medication, 24 or if they have elevated baseline levels of mediators involved in the anaphylaxis pathogenesis, for example, histamine, tryptase, bradykinin or platelet-activating factor. 2 8 For asthma, the association with an increased risk of severe or fatal anaphylaxis is strongly supported by death and autopsy studies published at intervals during the past 24 years, [15] [16] [17] [18] [19] [20] [21] [22] [23] and by two epidemiology studies published in 2010 that examined the association between asthma and the risk of anaphylaxis in large populations. 25 26 Using a general practitioner database from the UK, Gonzalez-Perez et al 25 identified a sample of 177 000 asthmatics and 200 000 non-asthmatics, ranging in age from 10 to 79 years, and reported that the patients with asthma had a greater risk of anaphylaxis than those without asthma, and that the risk was greater in severe asthma than in non-severe asthma. Iribarren et al 26 assembled a cohort of 1 052 812 members of Kaiser Permanente of Northern California, half (n=526 406) of whom had asthma. These investigators found that asthmatics had an increased risk of anaphylactic shock and other allergy diagnoses compared with members who did not have asthma.
For chronic obstructive pulmonary disease (COPD), the relationship with an increased risk of severe or fatal anaphylaxis is until now based primarily on two autopsy studies. In one of these studies, 5/25 adults aged 58-71 years dying from anaphylaxis had comorbid COPD, and in the other study, 2/28 adults dying from anaphylaxis had comorbid COPD. 22 23 For other chronic pulmonary diseases such as bronchiectasis, chronic bronchitis, cystic fibrosis, emphysema, hypersensitivity pneumonitis, interstitial lung diseases and pulmonary eosinophilia disorders, including allergic bronchopulmonary aspergillosis and Churg-Strauss disease, the association, if any, with an increased risk of severe or fatal anaphylaxis remains to be defined.
Additional population-based epidemiological studies are therefore needed to explore the relationship of asthma severity with anaphylaxis and to investigate the epidemiology of comorbid COPD and other respiratory disorders with anaphylaxis.
We hypothesised that among hospitalised patients with allergic conditions including anaphylaxis, chronic comorbid respiratory disease might affect the severity of the allergic condition adversely, as reflected in various outcomes, including the length of hospital inpatient stay. We tested this hypothesis using a large state-wide hospital database.
METHODS
The study protocol was reviewed by the Institutional Review Board (IRB) for the Protection of Human A unique patient identifier was available in the research portion of the database. This variable can identify patients who had repeated hospitalisations at reporting facilities during the study period or were transferred to another facility. If multiple discharge records existed for a single individual, then only the first medical record was used in our analyses.
The electronic hospital discharge dataset contains clinical and demographic information for millions of individuals who were discharged from reporting hospitals throughout Texas during the calendar-years 2004, 2005, 2006 and 2007. The principal discharge diagnosis and up to 24 secondary diagnoses were evaluated. Each record also contained up to a maximum of 25 procedures (a principal procedure and up to 24 secondary procedures) that were performed during that particular hospital stay. The discharge diagnosis and procedure variables were coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Cases were included in our study if any of the following ICD-9-CM codes were found in any of the discharge diagnosis fields: 995 (other anaphylactic shock-allergic shock/anaphylactic reaction/anaphylaxis which was not otherwise specified or due to the adverse effect of a correct medicinal substance that was administered properly), codes 995.60 through 995.69 (anaphylactic shock due to an adverse food reaction such as peanuts or crustaceans), 995.4 (shock caused by anaesthesia) or 999.4 (anaphylactic shock caused by the serum).
In addition to the above codes, which are specific for anaphylaxis, we also included the records of patients whose discharge diagnosis fields contained codes that are not specific for anaphylaxis, including 989.5 (toxic effect of venom), 708 (allergic urticaria), 708.9 (urticaria unspecified), 995.1 (angioneurotic oedema) and 995.3 (allergy unspecified). ICD-9-CM code 989.5 is frequently used to indicate allergic reactions to insect stings from Hymenoptera species, 27 and was used in our previous epidemiological investigation of hospitalisations for anaphylaxis. 28 Additional codes used by other investigators including 693.1 (dermatitis due to food), 988 (toxic effect of noxious substances eaten as food), 999.5 (other serum reaction) and 995.2 (adverse effect to correct medicinal substance properly administered/allergic reaction to correct medicinal substance properly administered/hypersensitivity to correct medicinal substance properly administered) were also included in our search strategy. 29 Patients who had any of the allergic conditions listed above comprised the entire cohort. Patients who had a principal or secondary discharge diagnosis of anaphylaxis (defined as ICD-9-CM codes 995.0, 995.4, 995.60-995.69 or 999.4) formed a subgroup of the overall cohort.
Definition of exposure variables
The pulmonary diseases listed in table 1, for example, asthma, COPD and emphysema, were the main independent variables of interest. 30 For each electronic patient record, all the diagnosis fields were searched for the ICD-9-CM codes listed in table 1. For example, if a code beginning with the numbers '493' was found in any of the discharge diagnosis fields, then the patient was considered to be an asthmatic.
Definition of outcomes Four binary (dichotomous) outcomes were assessed in separate regression models: intensive/critical care unit (ICU) admission (yes/no), receipt of mechanical ventilation (yes/no), hospital mortality and a prolonged length of stay (defined as a stay longer than 3 days). Patients who were admitted to an ICU were identified using the ICU charges variable. Mechanical ventilation was defined as the presence of ICD-9-CM codes 96.70 (continuous mechanical ventilation of unspecified duration), 96.71 (continuous mechanical ventilation for less than 96 consecutive hours) or 96.72 (continuous mechanical ventilation for 96 consecutive hours or more) in any of the 25 procedure fields.
Statistical analysis
Data were managed and analysed using the SAS software V.9.2 (SAS Institute, Inc, Cary, North Carolina, USA). Initially, the GENMOD procedure was used to calculate risk ratios for the outcomes using log-binomial regression models. 31 However, several of these models failed to converge, and hence the LOGISTIC procedure was used to calculate OR.
The following variables were considered confounders of the associations under study: patient age, race and Hispanic ethnicity, sex, health insurance status, ischaemic heart disease, chronic kidney disease and diabetes. Age in years was entered as a categorical variable using five indicator (dummy) variables to represent the following six age groups: 0-19, 20-49, 50-64, 65-74, 75-84 and ≥85 (referent). A combined race-ethnicity variable was created using the separate race and Hispanic ethnicity variables found in the hospital discharge dataset: White Hispanic, Black Non-Hispanic, Asian, Other and White Non-Hispanic (referent). Four indicator variables were entered into the regression models for race and ethnicity. The original health insurance variable had 23 possible responses. It was converted to a four-level variable: Uninsured, Medicaid, Medicare and Other (which includes Blue Cross/Blue Shield). The Uninsured category was created by combining the response 'self-pay' with the response 'charity, indigent or unknown'. The Other group served as the referent (comparison) group. Three indicator variables representing the new health insurance variable were entered in our models. Ischaemic heart disease was defined as the presence of ICD-9-CM codes 410 through 414 in any of the discharge diagnosis fields while chronic kidney disease and diabetes were defined as codes 585 and 250, respectively.
The number of in-hospital deaths in the subcohort of patients with anaphylaxis was small relative to the number of independent variables entered in each logistic regression model; specifically, there were fewer than 10 events per independent variable. 32 33 All our models included 27 independent variables: the 11 concomitant chronic pulmonary diseases, 5 indicator variables for age, 4 indicator variables for race, 3 indicator variables for health insurance, patient sex and 3 dichotomous ( present vs absent) chronic disease variables (one each for ischaemic heart disease, chronic kidney disease and diabetes). We attempted to use Firth's penalised maximum likelihood estimation to address this situation of too few events (deaths) relative to the number of independent variables. 34 Two logistic regression models were created. One was a traditional model while the other used Firth's likelihood penalty to account for any bias caused by sparse data; however, the convergence of the model where Firth's bias correction was applied was questionable, and hence adjusted ORs for hospital mortality were reported from the traditional logistic model.
Adjusted ORs are reported along with 95% CI. The OR was considered to be statistically significant if the CI excluded the null value one.
RESULTS
Overall, the cohort contained 30 390 patients, of whom 2410 (7.9%) had a principal or secondary discharge diagnosis of anaphylaxis (table 2). The median ages of the entire cohort and the subcohort of patients with anaphylaxis were 52 and 50 years, respectively. Sixty-one per cent of the patients who experienced anaphylaxis were female. Asthma and COPD were the most common chronic pulmonary conditions in both the full cohort and the subcohort of patients with anaphylaxis. Admission into the ICU and receipt of mechanical ventilation were more frequent in the anaphylaxis subcohort than in the full cohort.
ORs for four hospital outcomes in the whole cohort are shown in table 3. The risk factor of interest was a concomitant chronic pulmonary disease. Patients with pulmonary eosinophilia were almost four times as likely as patients without this condition to be admitted to the ICU (OR=3.89). This result was statistically significant at the 0.05 level: 1.86-8.14. Significant positive relationships were found between hospital mortality and chronic bronchitis, emphysema and interstitial lung diseases. An inverse association appeared to be present between asthma and hospital mortality, with asthmatics experiencing a 38% reduction in the odds of dying in the hospital compared with non-asthmatics; however, this result was not statistically significant because the 95% CI encompassed the null value of 1 (OR=0.62, 95% CI 0.38 to 1.00, p=0.051). Seven pulmonary conditions were associated with elevated odds of a prolonged length of stay. Asthmatics were 67% more likely than nonasthmatics to receive mechanical ventilation (OR=1.67, 95% CI 1.40 to 2.01). Several ORs could not be estimated due to the small number of patients with those specific pulmonary diseases. No associations were detected between seven of the pulmonary diseases, including asthma, and the outcome of admission to the ICU.
Adjusted ORs for four hospital outcomes in the subcohort of patients who had anaphylaxis are reported in table 4. Asthmatics did not have an elevated risk of being admitted to the ICU, yet they had more than a doubling of their odds of receiving mechanical ventilation compared with non-asthmatics (OR=2.45). In the anaphylaxis subcohort, the presence of COPD influenced the risk of a prolonged length of stay (OR=1.86, 95% CI 1.30 to 2.66) but did not impact the odds of being admitted to an ICU or hospital mortality. In the anaphylaxis cohort, statistically significant associations were noted between interstitial lung diseases and two outcomes: hospital mortality (OR=8.71), and receipt of mechanical ventilation (OR=5.16). ORs could not be estimated for allergic bronchopulmonary aspergillosis, Churg-Strauss disease and hypersensitivity pneumonitis due to the rarity of these diseases (only one patient in the anaphylaxis cohort had allergic bronchopulmonary aspergillosis and none in this cohort had Churg-Strauss disease or hypersensitivity pneumonitis). Mastocytosis (ICD-9-CM code 202.6) was not included in any of our models because only 5 of the 30 390 patients in the full cohort had this discharge diagnosis, 3 of whom also had anaphylaxis (data not shown).
DISCUSSION
Large population-based studies of the effect of chronic pulmonary diseases on the outcomes of hospitalised patients with anaphylaxis are lacking. We report the association between several concomitant pulmonary diseases and four indicators of anaphylaxis severity in hospitalised patients with anaphylaxis in Texas, a state with a large population (estimated at 22 778 123 in 2005). 35 We found that asthmatics were 28% less likely to have a prolonged length of stay (OR=0.72, 95% CI 0.55 to 0.95) and more than twice as likely to be placed on a ventilator (OR=2.16, 95% CI 1.60 to 2.91) than nonasthmatics. Similar findings were reported from a smaller study that we conducted previously using data from Florida. 28 In the latter study, investigators analysed the records of 464 hospitalised patients with anaphylaxis and found that asthmatics had a length of stay that was, on average, 2.15 days shorter than that of non-asthmatics ( p=0.04). This reduction could possibly be due to hospitals adopting asthma care maps or clinical pathways in the past decade. Asthmatics in the Florida study were also at a higher risk of receiving mechanical ventilation compared with non-asthmatics: adjusted relative risk=2.72, 95% CI 1.07 to 6.91, p=0.04).
Limitations of this state-wide administrative hospital discharge database include 80% rather than 100% coverage of state licensed hospitals, lack of access to emergency department data, and lack of detailed information about diagnosis and treatment as documented in the complete medical records of these patients. Our data use agreement with the Texas Department of State Health Services stipulates, "The licensee will not attempt to link nor permit others to attempt to link the hospital stay records of patients in this data set with personally identifiable records from any other source." Adjusted OR and CI were calculated from logistic regression models. *Each OR was adjusted for the remaining pulmonary conditions, age, race-ethnicity, sex, health insurance status, chronic kidney disease, diabetes, and ischaemic heart disease. †Defined as a length of stay longer than 3 days. ‡Could not be estimated. Adjusted OR and CI were calculated from logistic regression models. *Each OR was adjusted for the remaining pulmonary conditions, age, race-ethnicity, sex, health insurance status, chronic kidney disease, diabetes, and ischaemic heart disease. ORs could not be estimated for the following outcomes: allergic bronchopulmonary aspergillosis, Churg-Strauss disease and hypersensitivity pneumonitis. †Defined as a length of stay longer than 3 days. ‡Could not be estimated.
A general limitation of using state and federal administrative hospital discharge databases is the potential misclassification of both diagnoses and procedures which are typically coded using ICD-9-CM. While the accuracy of the ICD-9-CM coding of various diseases and syndromes, such as breast cancer, acute myocardial infarction and preeclampsia, in hospital claims data has been reported, 36 37 to our knowledge there are no published findings which summarise both the sensitivity and positive predictive value of the ICD-9-CM coding of all-cause anaphylaxis in the records of children and adults found in hospital inpatient databases. 38 Clark et al 27 investigated the ICD-9-CM coding of emergency department visits for food and insect sting allergy. Similar investigations of anaphylaxis coding found in hospital inpatient discharge datasets would be welcome.
In summary, in this unique exploratory analysis of a large database, we examined the association between chronic pulmonary diseases and four indicators of anaphylaxis severity in hospitalised patients. We found that asthma, COPD and other chronic pulmonary diseases increased the risk of adverse outcomes among hospitalised patients with anaphylaxis.
